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Executive Summary
This report estimates energy saving potential of a refrigerator using an electrochemical compressor (ECC) 
and metal hydride heat exchangers, versus a baseline refrigerator using a single-speed reciprocating 
compressor. The ECC technology has is more efficient at high pressure ratio and has better part-load 
performance. In addition, metal hydrides are solid refrigerants suitable for extensive applications, having 
larger formation heat. It has the potential to achieve energy saving over 20% than the baseline 
refrigerator, after we break the technical barriers on the path. Based on evaluation of the project against 
the must meet criteria, it meets the requirements for a “go” decision.  

Baseline System
Vapor compression systems have drastic performance degradation when increasing the pressure ratio, 
because of the losses caused by re-expansion of residue volume, reduced motor efficiency, etc. The 
selected baseline refrigerator uses a single-speed, reciprocating-piston compressor. We converted the 
measured compressor mass flow rate and power consumption to isentropic and volumetric efficiencies, as 
a function of the evaporating temperature, Te, and condensing temperature, Tc, as shown in Figures 1 and 
2. These two figures represent typical isentropic and volumetric efficiency reductions with increasing the 
pressure ratio, i.e. Pressure at Tc/Pressure at Te. Large pressure ratios of refrigerator/freezer applications 
cause low system cooling efficiency and reduced refrigerating capacity. In addition, the single-speed 
refrigerator has cyclic loss due to turning the compressor on/off to meet the temperature setting point. The 
average COP of the baseline refrigerator was given as 1.33. 
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Figure 1: Compressor Isentropic Efficiency Plot
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Figure 2: Compressor Volumetric Efficiency Plot

Energy Saving Potentials of Electrochemical Compression using Metal Hydride Heat Exchangers
1. An electrochemical compressor is more efficient at high pressure ratio

Electrochemical compressors (ECC) use membrane. The electrical voltage across a membrane consists of 
three parts, 

𝑈 = 𝑈𝑁𝑒𝑟𝑛𝑠𝑡 + 𝑈𝑜ℎ𝑚 + 𝑈𝑎𝑐       (1)
Where  is Nernst potential, i.e. the actual force driving the hydrogen flow.   is caused by the 𝑈𝑁𝑒𝑟𝑛𝑠𝑡 𝑈𝑎𝑐
anode and cathode polarization, which is usually negligible for an ECC compressor using membranes. 

 is caused by the electrical resistance in the membrane, which is a loss factor and converts electrical 𝑈𝑜ℎ𝑚
energy to heat. 

𝑈𝑜ℎ𝑚 = 𝐼 ×   𝑅𝑖                                 (2)
Where  is the internal electrical resistance of the membrane.𝑅𝑖

𝑈𝑁𝑒𝑟𝑛𝑠𝑡 =
𝑅 × 𝑇𝐸𝐶

2𝐹  ln (𝑃𝑑𝑖𝑠/𝑃𝑠𝑢𝑐)                              (3)

Where  is the gas constant,  is the ECC compressor’s process temperature [K].  [pa] is the 𝑅 𝑇𝐸𝐶 𝑃𝑑𝑖𝑠
compressor’s discharge temperature and   [pa] is the suction pressure. 𝑃𝑠𝑢𝑐

Thus, the electrochemical efficiency of the compressor is defined as Equation (4). 
ῃ𝐸𝐶 = 𝑈𝑁𝑒𝑟𝑛𝑠𝑡/(𝑈𝑁𝑒𝑟𝑛𝑠𝑡 + 𝑈𝑜ℎ𝑚)                            (4)

It can be seen that the electrochemical compression has advantages for the refrigerator application with 
high pressure ratios. High pressure ratios lead to larger  at the same electric current 𝑈𝑁𝑒𝑟𝑛𝑠𝑡/𝑈𝑜ℎ𝑚
(hydrogen flow rate). As reported by [1] and illustrated in the table below, a state-of-art electrochemical 
compressor reached an isentropic efficiency of 75% having a pressure ratio of 293. 



2. Electrochemical compressors have better part-load performance.  
Hydrogen flow rate of an electrochemical compressor can be varied by adjusting the DC power input, i.e. 
electric current. And it doesn’t have on/off cyclic loss like a mechanical compressor. Therefore, it has the 
advantage of a variable-speed compressor, and will lead to superior part load performance in a 
refrigerator system.

3. Metal hydride alloys are solid refrigerants
Metal hydride (MH) alloys have great potential to replace refrigerants in vapor compression systems. 
Metal hydrides are widely used to store hydrogen in automobile and power industries. As shown in the 
figure below, some metals can be bonded with hydrogen and form metal hydrides. With increasing the 
hydrogen concentration, the material bond goes through the α phase, similar to the subcooled state of a 
refrigerant; in the α+β phase, the absorption/desorption temperature at a given plateau pressure doesn’t 
change, similar to the two-phase state of a pure refrigerant; in the β phase, the hydride’s temperature 
increases with the concentration, like the superheat state of a refrigerant. The whole process is reversible 
from absorption to desorption. Major energy transfer of hydrogen absorption/desorption occurs in the α+β 
phase. The energy change is defined as formation heat absorbed per mole of hydrogen, [kJ/mole H2]. 



Figure 3: Mechanism of Metal Hydride Absorbing (Desorbing) Hydrogen 

Various MH alloys are suitable for hydrogen compression system, as Table 2 summarized by [2]. It shall 
be noted that formation heat (-ΔH0) ranges from 20 to 50 kJ/mole H2. Formation heat is equivalent to 
latent evaporation heat of a refrigerant. R-134a, a typical refrigerant used for refrigerators, has the latent 
evaporation heat of 22.7 kJ/mole at -30°F. It can be seen, most of the MH alloys have higher formation 
heat than R-134a. 



Table 2: Equilibrium characteristics of MH Alloys, cited from [2]

For the prototype ECC compressor, provided by Xergy Inc., the figure below compares the isentropic 
efficiency curves with using a single ECC compressor and put two in parallel (reduced ohm loss). Using 
two ECC compressors in parallel can increase the isentropic efficiency to 67% at the 0.7 A current. 
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Figure 4: Isentropic Efficiency Curves with using a single and two parallel ECC compressors.

Figure 4 presents the max theoretical COPs using one or two parallel prototype ECC compressors 
(formation heat/ECC power consumption absorbing one mole H2), assuming the formation heat of 20 
kJ/mole (Low) H2 and 40 kJ/mole H2 (High), respectively. It can be seen, if use a species of MH alloy 
having the high formation heat and operate the ECC compressor(s) at small current densities, the ECC 
refrigerator can achieve COPs at least 20% higher than the baseline refrigerator having an average COP 
of 1.33.  
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Figure 5: Max COPs of ECC refrigerator using one or two ECC compressors, with the formation heat of 
20 kJ/mole H2 and 40 kJ/mole H2.
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